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摘要 
代谢组学，即利用高通量、高灵敏度与高精确度的现代分析技术，结合模式
识别方法研究生物体系在受到外界刺激或干扰因素后，其内源性小分子代谢产物
的动态变化，探究代谢模式变化与生命现象之间的关系，已成为当今系统生物学
的一个研究热点领域。随着研究的深入，数据分析的问题越来越突出，并已成为
代谢组学研究的关键技术和瓶颈之一。本文以代谢组学数据尺度缩放为主要研究
内容，发展新的代谢组学数据分析方法，并将其应用于鱼类营养代谢组学研究中。
主要的研究内容包括： 
一、提出了模型自适应尺度缩放方法。该方法根据后续的多元统计模型，自
适应地优化尺度缩放系数，使后续的统计模型能够更鲁棒、更准确的获取数据中
与研究问题相关信息。将新方法与 UV、Pareto 和 VAST 等常用方法比较，采用
真实的代谢组学数据进行验证，结果表明，新方法能够减小噪声和无关代谢物信
号的影响，提高重要代谢物的信号强度，有效保留原始谱图的结构信息，提高多
元统计分析模型对特征信息提取的准确性。 
二、将新的数据分析方法应用于罗非鱼营养代谢研究中。研究牛磺酸水平和
生长时期对罗非鱼代谢的影响。分析结果表明：随着饲料中牛磺酸含量升高，多
种氨基酸、O-乙酰糖蛋白、肌醇和柠檬酸含量有所降低，而牛磺酸、极低密度脂
蛋白和乳酸含量显著升高；随着生长时期变化，血浆中多种氨基酸、糖类、脂类
等物质含量发生了复杂的变化。 
本文提出的模型自适应尺度缩放方法具有良好的普适性，应用新算法研究牛
磺酸和生长时期对罗非鱼生长的影响，研究结果可为牛磺酸作用机制以及鱼类科
学养殖提供参考依据。 
 
关键词：代谢组学；核磁共振；尺度缩放；罗非鱼；牛磺酸。 
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ABSTRACT 
Metabolomics is a new discipline developed rapidly since the end of last century, 
which studies the dynamic changes of biological systems’ endogenous small 
molecular metabolites caused by external stimulations or disturbances and explores 
the relationship between metabolism mode change and life phenomenon. 
Metabolomics use modern analytical techniques with high-throughput, high 
sensitivity and high precision and pattern recognition method to analyze complex 
metabolic data. Data analysis techniquehas become one of the key bottlenecks in 
metabolomics research. Variable scaling can adjust variables’ weight and is of great 
significance to subsequent multivariate statistical analysis and biological 
interpretation. In this paper, the main research are the following two aspects: 
1. In this paper, we proposed a model adaptive scaling(MAS) method, which 
updates the scaling coefficients of the variables by upgrading the preselected 
statistical model. A real-world nuclear magnetic resonance based metabolomics data 
set was used to evaluate the proposed method and compare with three commonly used 
scaling methods, i.e., unit variance scaling, Pareto scaling and variable stability 
scaling. We analyze spectra profiling, predicative ability of the preselected 
multivariate model. Experimental results showed that the proposed method can 
effectively enhance important variables, preserve molecular information and promote 
the predicative ability of the preselected multivariate model. 
2. In this part, we apply the new variable scaling method to the preprocessing of 
tilapia plasma data and study the effects of taurine levels and growth periods of the 
performance of tilapia. Results showed that the content of various amino acids, 
O-acetylglycoprotein, myo-inositol and citrate have decreased and taurine, VLDL and 
lactate have increased as the level of taurine upgrade. Besides, the content of amino 
acids, carbohydrate and lipid all change complexly at different growth periods. 
In conclusion, the new variable scaling method proposed in this paper is flexible, 
effective and has good universality. The study on the effects of taurine levels and 
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growth periods in tilapia performance can provide reference basis for taurine 
mechanism and feed science about tilapia. 
Keywords：Metabolomics；NMR；variable scaling；tilapia；taurine. 
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